complex-mediated membrane fusion in response to . Complexes were subsequently disassembled to vesicles was identical regardless of whether Ca 2ϩ was by rapid mixing with excess Ca 2ϩ chelator. As shown in premixed with C2A-F234W or vesicles, or both (data not Figure 4C , the disassembly kinetics were extremely fast shown). These data demonstrate that Ca 2ϩ binding is (k diss ϭ 700 s Ϫ1 ), indicating that Ca 2ϩ is rapidly exchanged not rate limiting for C2A-F234W-Ca 2ϩ -vesicle assembly.
in the protein-membrane complex. These data demonThus, a simple bimolecular model can be applied to strate that synaptotagmin can rapidly respond to destudy complex formation between C2A-F234W-Ca The kinetics data described above are summarized in the model shown in Figure 4D . The Y intercept yields k off (240 s Ϫ1 ), and the slope yields Light scattering was used to monitor the kinetics of cates that the SNARE complex may directly mediate ␣/␤-SNAP binding to full-length syntaxin is currently unTwo independent approaches were employed to deder investigation. termine whether synaptotagmin binds syntaxin via both
The inability of the Habc-containing GST-1-265, GSTthe Habc and H3 domains. In the first approach, domains 193, and GST-1-177 fusion proteins to bind native synof syntaxin 1A were immobilized as GST fusion proteins aptotagmin could be due to steric hindrance from the and assayed for their abilities to bind native synaptotag-GST moiety. We therefore generated soluble 1-177 via min derived from synaptosomal detergent extracts. As thrombin cleavage of the corresponding GST fusion propositive controls, we assayed for ␣/␤-SNAP, SNAP-25, tein and assayed the ability of the untagged fragment and synaptobrevin binding to immobilized syntaxins.
to bind immobilized GST-C2A derived from synaptotagAs a negative control, we assayed for synaptophysin mins I and IV. The C2A domain of synaptotagmin IV binding.
contains a naturally occurring aspartate-to-serine mutaSynaptotagmin and ␣/␤-SNAP compete for binding to tion that disrupts Ca -triggered synaptotagmin binding to syntaxin in our assay system, even and C2B participate in binding (Chapman et al., 1996) . We note that relatively low levels of syntaxin bound to though the C2B domain remained intact ( Figure 1B) . We conclude that C2A contains Ca 2ϩ ligands that are the immobilized C2A domain of synaptotagmin ‫;%01ف(‬ Figure 8B) . In contrast, stable and stoichiometric synapessential for synaptotagmin-syntaxin interactions, while C2B possesses a second contact site that contributes totagmin-Ca ., 1994) . This Ca 2ϩ sensitivity is in marked cient and must be extended more than halfway into C2B domain of the molecule, to residue 337 ( Figure 8C) .
contrast to the C2 domain of cPLA 2 , which exhibits a could occur by "ordering" the t-SNAREs into helices A preliminary version of C2A-F234W was described previously to facilitate rapid assembly of the C-terminal region of l) or 69.1 (1.5 l) ascites, respectively, for 2 hr, and 12 l protein G-Sepharose fast-flow (Pharmacia) for 1 hr. The immunoprecipitates Bead-Binding Assays were washed three times and analyzed by SDS-PAGE and staining Binding of native proteins to immobilized recombinant proteins was with Coomassie blue. As a control for nonspecific precipitation of carried out as described (Chapman et al., 1995) . Triton X-100 detersynaptotagmin, samples were also prepared lacking SNAREs. In gent extracts (1 ml at 1 mg/ml) were incubated with the indicated each case, the immunoprecipitating antibodies did not bind synimmobilized fusion protein (10-30 g, as indicated) 
